Objective: We aimed to identify factors associated with adverse outcomes in Jehovah's Witness patients undergoing complex cardiovascular surgery and to validate our preoperative optimization protocol.
Results: Preoperative and intraoperative demographics in the optimized and unoptimized groups were similar except for preoperative hemoglobin levels, renal dysfunction (optimized ¼ 25/93 [26 6%] , P ¼ .035). The mean preoperative, intraoperative nadir, and discharge hemoglobin levels of the entire cohort were 12.7 AE 1.7 g/dL, 9.5 AE 2.6 g/dL, and 9.7 AE 1.8 g/dL, respectively. Hospital mortality was 9 of 137 patients (6.6%) ( The Youden index identified a cutoff value of the preoperative hemoglobin of 11.7 g/dL for mortality (area under curve, 0.719; sensitivity, 77.8%; specificity, 76.0%). Multivariate analysis identified a suboptimal preoperative hemoglobin (<12 g/dL) as the only important independent factor associated with mortality (odds ratio, 5.64; 95% confidence interval, 1.14-42.18) and composite outcomes (odds ratio, 2.49; 95% confidence interval, 1.06-5.88).
Conclusions: Complex cardiovascular surgery in Jehovah's Witnesses was associated with acceptable surgical outcomes, especially if they electively completed optimization. Our Jehovah's Witnesses' optimization protocol targeting a hemoglobin level greater than 12 g/dL seemed to be effective in reducing adverse events at The University of Chicago Medicine. ( Supplemental material is available online.
The Jehovah's Witnesses do not accept transfusions of whole blood, packed red blood cells, plasmas, or platelets because of their belief that blood transfusions are prohibited by certain Bible passages. 1 Highly complex cardiovascular procedures are not offered to patients at most centers because of the high risk of mortality and morbidity if massive blood loss occurs and transfusions are refused.
Because there are so few surgical teams willing to perform complex cardiovascular procedures on Jehovah's Witness patients, there is a paucity of literature detailing their perioperative care and outcomes. At The University of Chicago Medicine, in addition to meticulous operative techniques, we developed a perioperative management protocol of optimization of Jehovah's Witness patients (Table E1 ). This is the first single-center study to report the surgical outcomes of Jehovah's Witnesses undergoing the whole spectrum of complex cardiovascular surgery, including left ventricular assist device (LVAD) implantation, heart transplantation, and aortic surgery. In this study, we sought to determine the preoperative factors associated with adverse outcomes and to evaluate the feasibility of a preoperative optimization protocol.
MATERIALS AND METHODS
The study was approved by the University of Chicago's Institutional Review Board. Between October 1999 and December 2014, 144 patients who were identified as Jehovah's Witnesses with documented refusal of blood products underwent complex cardiovascular surgery. Our philosophy has been to offer surgery to all Jehovah's Witnesses who present to our surgical service with appropriate indications for surgery. Patients who presented in refractory cardiogenic shock requiring resuscitation and underwent salvage surgery (n ¼ 7) were excluded from the study. Thus, 137 patients were enrolled in this study. The baseline demographics, intraoperative data, and postoperative outcomes for these patients were retrospectively collected from patient charts and the institutional cardiac surgery outcomes database. The estimated glomerular filtration rate (eGFR) was calculated from the serum creatinine levels using the Modification of Diet in Renal Disease Formula. 2 Chronic kidney disease was defined as eGFR less than 60 mL/min/1.73 m 2 . Postoperative acute kidney injury was defined as an increase in serum creatinine 2.0 or more times the baseline, a decrease in eGFR of 50% or more, or urine output less than 0.5 mL/kg/h for 12 hours. 3 
Preoperative Management
Informed consent was obtained from the Jehovah's Witness patient with emphasis on the consequences and risks of transfusion denial. The patient's right of refusal of blood products is rigidly honored by the surgeons and hospital staff. The acceptance of albumin, immunoglobulins, and transplantation is a personal decision of the patient 1 and documented on the consent form.
We developed a preoperative optimization protocol for Jehovah's Witnesses, which includes supplementation with oral (intravenous) iron or vitamin (vitamin B12, folic acid) and subcutaneous (intravenous) erythropoietin to increase preoperative hemoglobin greater than 12 g/dL. This target level was determined on the basis of the hemodilution during cardiopulmonary bypass (CPB). To avoid adverse effects of a low hematocrit during CPB, we aimed for a hematocrit level of 27% to 28% at the initiation of CPB and a nadir hematocrit greater than 25%. 4 The ideal minimal preoperative hemoglobin level of 12 g/dL was obtained from the volume concentration formula, using the circuit priming volume of 1000 mL and average patient weight of 85 kg.
Antiplatelet agents are discontinued at least 5 days preoperatively (clopidogrel for 10 days). Any supplement, food, or medication that may increase the risk of bleeding (ie, vitamin E, fish oil, turmeric, and ginger) is also withheld. In addition, procedures such as cardiac catheterization are scheduled several weeks before surgery to allow the patient to recover from the renal toxicity of the contrast and any blood loss.
Intraoperative Management
Standard anesthesia, anticoagulation during CPB, and myocardial protection are used. Volume resuscitation is primarily with crystalloid. Albumin is administered only to those patients who agreed to its use. The CPB circuit is primed using the retrograde autologous priming technique, and ultrafiltration is used throughout bypass to reduce hemodilution. 5 The use of pump suckers is preferred for platelet and coagulation factor preservation, 6 and the Cell Saver (Haemonetics Corp, Braintree, Mass) is avoided as much as possible during CPB. Autologous whole blood is sequestrated in selected patients at the initiation of CPB. The blood is always kept in continuity to the patient and is returned at the end of CPB before disconnection. Core body temperature is cooled to 34 C and fully rewarmed to 37 C before weaning off bypass. At the end of CPB, the remaining volume in the reservoir and CPB circuit is hemoconcentrated and returned to the patient before removal of the aortic cannula. Heparin is reversed with protamine at a ratio of 1:1.
Meticulous surgical technique and hemostasis are imperative in each patient. For instance, during LVAD implantation, the outflow graft to aorta anastomosis has a polytetrafluoroethylene ''gasket'' incorporated in the suture line to minimize blood loss. Topical hemostatic agents are used as the first-line hemostatic adjuncts: resorbable synthetic hemostatic bone putty (eg, Hemasorb, Abyrx Inc, Irvington, NY), synthetic sealant (eg, Coseal, Baxter Healthcare Corp, Deerfield, Ill), oxidized cellulose hemostat (eg, Surgicel, Ethicon US, LCC, Cincinnati, Ohio), and gelatin foam/sponges (eg, Gelfoam, Pfizer Inc, New York, NY). Blood derivatives such as topical fibrinogen and thrombin are administered, as needed, only to patients who preoperatively agree to their use. Systemic hemostatic agents used are epsilon-aminocaproic acid and factor VIIa (NovoSeven RT, Novo Nordisk Inc, Plainsboro, NJ), which are nonblood derivative recombinant products. Aprotinin (Trasylol, Bayer HealthCare, Whippany, NJ) was used until its withdrawal from the market in 2008. 
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Postoperative Management
The patients are maintained at normothermia, and hypertension is avoided. Routine blood tests are eliminated and obtained only as clinically indicated. Pediatric blood tubes are used for sample collection, and a coagulation profile is tested only in patients receiving anticoagulation therapy or presenting with bleeding issues. Patients are continued on intravenous iron and vitamin supplements. Erythropoietin also is used during the postoperative period if the first postoperative hemoglobin level is less than 11 g/dL. To maximize systemic oxygen delivery, Jehovah's Witness patients are maintained on hemodynamic support (ie, inotropes, intraaortic balloon pump [IABP] , and mechanical ventilator support) for a longer period when compared with non-Jehovah's Witnesses.
Statistical Analysis
Continuous data are reported as mean AE 1 standard deviation for normally distributed data or median plus interquartile range (IQR) for skewed data. Categoric variables are expressed as number or fractions of patients. Comparisons between continuous variables were performed using Student t test for parametric data or the Wilcoxon rank-sum test for nonparametric data. Categoric variables were compared using a chi-square test or Fisher exact test for expected cell counts less than 5. Preoperative demographics and intraoperative/postoperative outcomes in patients with preoperative hemoglobin greater than 12 g/dL (optimized group) and hemoglobin less than 12 g/dL (unoptimized group) were compared to evaluate the efficacy of our protocol. Univariate analysis was performed on all preoperative variables (ie, advanced age, female sex, obesity, diabetes mellitus, chronic lung disease, chronic kidney injury, pulmonary hypertension, preoperative use of IABP, New York Heart Association [NYHA] class IV, cerebrovascular disease, low left ventricular ejection fraction <40%, emergency/urgent cases, resternotomy, and hemoglobin <12 g/dL) to detect potential risk factors for mortality and postoperative adverse events. Only variables with a P value less than .1 on univariate analysis were retained for the multivariate regression tests to identify significant independent factors associated with adverse events. Composite outcomes of significant postoperative significant adverse events (mortality, postoperative myocardial infarction, stroke, acute kidney injury, heart failure newly requiring IABP, and deep sternal wound infection) were also evaluated to ensure the statistical efficiency. Subanalysis was also performed in nonurgent patients who presented to our clinic with a hemoglobin level of 12 g/dL to identify the factors associated with failure to obtain the optimal hemoglobin level of 12 g/dL at the time of surgery. For all analyses, 2-sided tests were used. The sensitivity and specificity of the preoperative hemoglobin as an indicator of mortality and morbidity were determined from the cutoff values. Receiver operating characteristic curves and the area under the curve (AUC) for the receiver operating characteristic curve were obtained by plotting the sensitivity against the false-positive rate (1-specificity). The Youden index was used to determine the optimal cutoff values of the preoperative hemoglobin level for identification of the surgical risk of mortality (Youden index ¼ sensitivity þ specificity À 1). All statistical analyses were performed using JMP software (SAS Institute Inc, Cary, NC).
RESULTS
The preoperative patient characteristics of the entire cohort and the optimized and unoptimized groups are summarized in Table 1 . Important differences observed between the optimized and unoptimized groups were the median hemoglobin level (g/dL) at the initial clinic visit (optimized ¼ 13.2, unoptimized ¼ 10.9, P < .001) and at the time of surgery (optimized ¼ 13.3, unoptimized ¼ 11.2, P < .001), the prevalence of chronic kidney disease (optimized ¼ 25 [26. 9%], Intraoperative and postoperative data are summarized in Tables 2 and 3 . Blood products were not administered to any patient during the hospital stay. Surgical procedures were not significantly different between the 2 groups. Five patients underwent reoperation: 2 in the optimized group (bleeding ¼ 1, sternal instability ¼ 1) and 3 in the unoptimized group (bleeding ¼ 1, hemodynamic instability ¼ 1, sternal instability ¼ 1). There were 9 (6.7%) in-hospital deaths: 2 (2.2%) in the optimized group and 7 (15.9%) in the unoptimized group (P ¼ .002). The causes of deaths are summarized in Table 4 .
The Youden index identified a preoperative hemoglobin cutoff value of 11.7 g/dL for in-hospital mortality (AUC ¼ 0.719, sensitivity ¼ 77.8%, specificity 76.0%) and 11.9 g/dL for both postoperative acute kidney injury (AUC ¼ 0.729, sensitivity ¼ 58.6%, specificity ¼ 81.4%) and prolonged ventilation (>48 hours: AUC ¼ 0.738, sensitivity ¼ 88.9%, specificity ¼ 70.4%). Univariate analysis revealed suboptimal preoperative hemoglobin (<12 g/dL), older age, chronic kidney disease, NYHA class IV, and emergency/urgent cases as important factors associated with composite outcomes of significant adverse events (Table 5 ). Multivariate analysis identified suboptimal hemoglobin (<12 g/dL) as the only significant independent factor associated with composite outcomes. In addition, univariate analysis revealed suboptimal Data are presented as mean AE standard deviation, median (IQR), or n (%). ACC, Aortic crossclamp; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; EACA, epsilon-aminocaproic acid; LVAD, left ventricular assist device. *One patient received pulmonary thromboembolectomy in addition to atrial septal defect closure. yUsed before the withdrawal of the product (optimized, n ¼ 28; unoptimized, n ¼ 10). hemoglobin (<12 g/dL), chronic kidney disease, severe pulmonary artery hypertension, and emergency/urgent cases as important factors associated with in-hospital mortality (Table E2) . Multivariate analysis identified a hemoglobin level less than 12 g/dL as the only significant independent factor associated with mortality (Table 6 ). Furthermore, suboptimal hemoglobin (<12 g/dL) was one of the significant independent factors associated with postoperative prolonged ventilation and acute kidney injury (Tables E2 and E3 ). Other factors associated with prolonged ventilation and acute kidney injury were obesity and NYHA class IV, and preoperative IABP support, respectively. Table E4) .
The median postoperative 24-hour blood loss in the entire cohort, optimized group, and unoptimized group was 550 mL (IQR, 385-788 mL), 537 mL (IQR, 380-292 mL), and 662 mL (IQR, 390-900 mL), respectively. The median blood loss of the entire cohort during the aprotinin era versus the postwithdrawal era was 674 mL (n ¼ 46; IQR, 340-900 mL) and 537 mL (n ¼ 91, IQR, 388-718 mL), and no significant difference was observed between the 2 eras (P ¼ .471). In addition, the postoperative mortality rate, acute kidney injury, stroke, and myocardial infarction were similar between the 2 eras (Table E5) .
DISCUSSION
In this study, we demonstrate that complete preoperative optimization leads to excellent results in Jehovah's Witness patients undergoing complex cardiovascular surgery. Our philosophy of care is to offer cardiovascular surgery to any Jehovah's Witness patient who has an indication for surgical treatment. Many surgical centers do not operate on these patients because they are not willing to proceed without the ability to transfuse blood products when the need arises in these complex cardiac cases. Jehovah's Witness patients referred to our surgical service were mostly self-referred because they had been declined a surgical procedure at other centers or by recommendations of other Jehovah's Witnesses or Jehovah's Witness Hospital Liaison Committees. Surgery was performed on every eligible Jehovah's Witness patient who was referred to our service except for 1 with advanced liver cirrhosis who had undergone 4 sternotomies and was in low cardiac output.
Surgeries performed in this series include LVAD implantation (n ¼ 13), heart transplantation (n ¼ 11), aortic root replacement (n ¼ 5), and aortic root and total arch replacement (n ¼ 1). The gravity of the clinical conditions of these patients is reflected in that 38.7% were in NYHA class IV. In addition, 14.6% were taking inotropes preoperatively and 17.5% had preoperative IABP support.
Open surgery in Jehovah's Witness patients was first described by Cooley and associates 7 in 1964. Several large series have since been reported. [8] [9] [10] Lewis and associates 8 reported a mortality rate of 7% to 10% in 1991. Mortality rates improved markedly to 1% to 3% in 2012 as reported by Vaislic and associates 9 and Pattakos and associates. 10 Technical advancements in cardiac surgery during the past 2 decades with an emphasis on major reductions in blood loss 11 and well-developed blood preservation protocols 12 may have contributed to these improved outcomes. However, Vaislic and associates 9 declined 122 of 622 patients who were referred to their service, and Pattakos and associates 10 excluded resternotomy cases, LVAD implantation, and heart transplantation from their study. Thus, results of the studies by Vaislic and colleagues 9 and Pattakos and colleagues 10 may have been biased by careful patient selection. Cardiovascular surgery in Jehovah's Witness patients carries an increased risk mainly because of the inability to transfuse blood when the need arises. Four of our 9 patients who died in-hospital (ie, pneumonia in 2, sepsis in 1, and arrhythmia in 1) might have had a better outcome with blood transfusion, and 2 patients (ie, low output syndrome and arrhythmia) might have had a chance of survival with mechanical circulatory support if there were no blood product restrictions. Yet, despite the fact that our patient population had high preoperative risks and underwent complex procedures, we were still able to demonstrate excellent clinical outcomes, especially mortality (2.2% in the optimized group and 6.6% in the unoptimized group). Our results are comparable to the 5.5% mortality reported by Jassar and associates in 2012, 12 in which complex cases and urgent cases were included. Both our and Jassar and colleagues' data may be the true nonbiased outcomes in Jehovah's Witness patients.
We have developed a perioperative management protocol for Jehovah's Witness. Although preoperative hemoglobin level, chronic kidney injury, and urgent/emergency cases were the only differences found in preoperative demographics between optimized and unoptimized patients, the optimized group clearly demonstrated better outcomes compared with the unoptimized group. Multivariate analysis proved that preoperative hemoglobin less than 12 g/dL was the only significant preoperative factor associated with significant adverse events. The results of multivariate analysis along with the cutoff values determined by the Youden index for mortality (11.7 g/dL) and 2 complications (acute kidney injury and prolonged ventilation, 11.9 g/dL) validated the feasibility of a minimum preoperative target hemoglobin level of 12 g/dL in our optimization protocol.
Preoperative subcutaneous erythropoietin administration is important in Jehovah's Witness patients to stimulate and achieve a higher hemoglobin level. Previous investigators reported systematic use of erythropoietin in patients with a hemoglobin level less than 14 g/L. 9, 12 We have observed a transient ischemic attack in a patient who was treated with erythropoietin despite the hemoglobin level reaching 13 g/dL. The patient had an IABP inserted from the right subclavian artery, and we cannot conclude this event was due to erythropoietin. However, we cannot ignore this event as a coincidence. Thus, we currently discontinue the use of erythropoietin after reaching the hemoglobin level of 13 g/dL preoperatively and 11 g/dL postoperatively. A clinical practice guideline by the Society of Thoracic Surgeons and the Society of Cardiovascular Anesthesiologist joint task forces suggests a transfusion trigger hemoglobin level of 7 g/dL for patients after cardiac surgery. 13 We observed a mean hemoglobin decrease of 1.5 g/dL during the postoperative course. Therefore, we set the threshold for postoperative erythropoietin use at a hemoglobin level of 11g/dL as an appropriate value to maintain a safe hemoglobin margin.
A total of 44 of 137 patients did not achieve a preoperative hemoglobin level of 12 g/dL despite iron/vitamin supplementation and erythropoietin application. One factor for the failed optimization was a lower hemoglobin level at the initial clinic visit. Another factor was emergency/urgent cases, which did not allow the time to build up hemoglobin in patients. The results of subanalysis performed on nonemergency/urgent patients with hemoglobin levels at the initial clinic visit less than 12 g/dL (N ¼ 41) demonstrated that older age and hemodialysis may have an influence on the failure in optimization. Older patients are known to have reduced response to hematopoietic growth factor, 14 and some patients on dialysis are unresponsive to erythropoietin, 15 which may be associated with our results of failure.
Intraoperative CPB management also is important when treating Jehovah's Witness patients, as previous reports demonstrated higher mortality in procedures performed on CPB compared with off CPB. 16 Hemodilution during CPB is an important contributor to intraoperative and postoperative blood losses. The use of retrograde autologous priming minimizes the impact of initial hemodilution. 6 Ultrafiltration not only provides hemoconcentration but also improves coagulation. 17 The higher hematocrit and concentration of coagulation factors, and removal of cytokines and toxins are favorable results of the use of ultrafiltration in bloodless CPB surgery. Appropriate use of non-blood-derived topical hemostatic agents and systemic hemostatic agents is beneficial in this patient population. 18 Antifibrinolytic agents reduce blood loss in patients undergoing surgery by limiting and dissolving clots. We used the serine protease inhibitor aprotinin until its withdrawal from the market in 2008. The lysin analog epsilon-aminocaproic acid was used before and continues to be a mainstay of systemic agents used to control bleeding. There are several studies demonstrating the superiority of aprotinin over lysine analogs in terms of bleeding management, 19 ,20 but we did not find a significant difference in bleeding after the cessation of use of aprotinin. This result may emphasize that antifibrinolytic agents are just one of the adjuncts of hemostasis, and the key is meticulous surgical technique and surgical hemostasis, which was proved by a low rate of reexploration for bleeding (1.5%) in the present study.
Postoperative hemodynamic support was provided to Jehovah's Witness patients for a longer period of time compared with non-Jehovah's Witness patients (data not shown). In acute anemia, the heart compensates with an increased heart rate and contractility to maintain a normal level of oxygen delivery. Thus, we believe it is important to assist cardiac function to maximize oxygen delivery with inotrope or IABP support, and reduce oxygen consumption with mechanical ventilation support by minimizing the work of breathing. 21 Providing heart transplantation and LVAD implantation to Jehovah's Witnesses is an important, sensitive issue. We are extremely cautious when selecting these candidates. In addition to the protocol described in the article, we use subclavian IABP to improve their organ functions and physical conditionings. 22 In the current series, 11 patients underwent heart transplantation. There was 1 hospital death due to donor heart failure that required biventricular LVAD support during the transplant surgery. There were 2 more deaths during follow-up due to cytomegalovirus infection and donor heart rejection. All these causes of death after transplantation are not related to the inability to use blood products. Furthermore, no patient died because of the inability to provide blood products after LVAD implantation. However, the decision to treat these patients with heart transplantation or LVAD implantation remains controversial and requires further discussion.
We excluded salvage cases (n ¼ 7) because the purpose of this study was to evaluate the feasibility of our preoperative optimization protocol. In-hospital death was observed in 4 salvage patients (57.1%). All these patients demonstrated preoperative hemodynamic collapse and were associated with massive acute myocardial infarction (n ¼ 2), unstable angina (n ¼ 2), acute type A aortic dissection (n ¼ 2), or third-time reoperation for prosthetic valve dysfunction (n ¼ 1). The analysis for the cohort including these 7 cases demonstrated that the factors associated with mortality were nonelective operation, suboptimal hemoglobin, and chronic kidney injury on univariate analysis (Table E6) .
Our outcomes also provide incremental evidence to the dispute over adverse outcomes associated with a lower hematocrit and liberal use of blood transfusions in patients undergoing cardiac surgery. 23 Preoperative anemia has been implied as a predictor of morbidity and mortality after cardiac surgery, 24, 25 whereas others argue that the low hematocrit is just the threshold for blood transfusion and the transfusion itself is causing the harm. 23, 26 Because our data are obtained from bloodless cardiovascular surgery, it provides support to the fact that preoperative anemia is an important independent factor associated with postoperative adverse outcomes.
Study Limitations
First, this is a single-center nonrandomized retrospective study. Second, the preoperative target hemoglobin level of 12 g/dL is based on our data and is institute-specific, and thus may not be appropriate for use in other institutions. Third, most of our Jehovah's Witness patients were referred to our service from outside hospitals and might have had selection biases by their physicians to have better outcomes. Nevertheless, approximately half the patients had been declined for surgical treatment at other hospitals and were high-risk surgical candidates.
CONCLUSIONS
Despite the complexity of the patients and total avoidance of blood products, cardiovascular surgery in Jehovah's Witness patients was associated with acceptable surgical outcomes, especially if they were electively completed optimization. Our Jehovah's Witnesses' optimization protocol targeting a hemoglobin level more than 12 g/dL seemed appropriate to reduce postoperative adverse events at The University of Chicago Medicine.
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